Human rhinovirus (RV), the major cause of the common cold, triggers the majority of acute airway exacerbations in patients with asthma and chronic obstructive pulmonary disease. Nitric oxide, and the related metabolite S-nitrosoglutathione, are produced in the airway epithelium via nitric oxide synthase (NOS) 2 and have been shown to function in host defense against RV infection. We hypothesized that inhibitors of the S-nitrosoglutathione-metabolizing enzyme, S-nitrosoglutathione reductase (GSNOR), might potentiate the antiviral properties of airway-derived NOS2. Using in vitro models of RV-A serotype 16 (RV-A16) and mNeonGreen-H1N1pr8 infection of human airway epithelial cells, we found that treatment with a previously characterized GSNOR inhibitor (4- [[2-[[(3-cyanophenyl)
Rhinovirus (RV) infection is the major cause of the common cold. Owing to a large number of different serotypes of RV, no antirhinoviral drugs have reached the market. RVs are members of the Picornaviridae family of small, positivestranded nonenveloped RNA viruses that account for the majority of acute wheezing illnesses in infants and children and virusinduced exacerbations in adults presenting with asthma and chronic obstructive pulmonary disease (1) (2) (3) (4) (5) . The morbidity and mortality with rhinoviral infections are substantial and linked to RV-induced airway inflammation. The chemokines CXCL10 and RANTES (regulated upon activation, normal T cell expressed and secreted) are secreted by virus-infected airway epithelial cells (AECs) in response to viral infection and function as potent chemoattractants for lymphocytes, natural killer cells, monocytes, T cells, basophils and eosinophils. Both of these chemokines are suggested to contribute to the pathogenesis of RV-induced airway inflammation.
As the first line of defense against RV infection, the airway epithelium plays a critical role in regulating the inflammatory response to RV infection (6) . Increased nitric oxide (NO) production is believed to be part of the host response to RV infection and has been postulated to aid in viral clearance (7) . S-nitrosoglutathione (GSNO), a physiological NO molecule, has also been reported to have antiviral properties (8) . Previously we showed that deletion or inhibition of S-nitrosoglutathione reductase (GSNOR) reduces metabolism of GSNO and protects against methacholine induced airway hyperresponsiveness (9) . The effects of GSNOR inhibition often require nitric oxide synthase (NOS)2, the inducible NOS isoform, which is expressed after injury and inflammation by lung epithelia and macrophages. Here, we hypothesized that administration of a GSNOR inhibitor to RV-A serotype 16 (RV-A16)-infected human AECs would ameliorate RV-induced inflammation.
To address this hypothesis, we investigated the effects of two structurally distinct GSNOR inhibitors, 4-[ [2-[[(3-cyanophenyl) (10, 11) and N6022 (12) , on RV-A16 replication and subsequent chemokine responses in human AECs. We found that C3m, but not N6022, inhibited RV-A16 replication in AECs, and the effects appeared to be independent of NOS and GSNOR activity.
Methods

Inhibitors and Viruses
C3m (13) and N6022 were synthesized by the Duke Small Molecule Facility. Lentivirus expressing nontargeting control or ADH5 shRNA (Sigma Mission TRC1 clone TRCN0000026476) was produced in HEK-293T cells by cotransfection with vesicular stomatitis virus G and delta-NRF plasmids as previously described (14) . Viral production was confirmed by p24 ELISA (Cell Biolabs). Purified RV-A16 was provided by the Gern and Voelker laboratories. mNeonGreen-H1N1pr8 virus was a kind gift of Nicholas Heaton, Ph.D. (Duke University). (For further details, see the data supplement.)
Epithelial Cell Culture and Challenge BEAS-2B cells were cultured in DMEM 1 10% FBS 1 1% penicillin/streptomycin on PureCol (Advanced BioMatrix)-coated plates. To generate cells stably expressing control or ADH5 shRNA, BEAS-2B cells in 6-well plates containing 2 ml of medium and 8 mg/ml hexadimethrine bromide were treated with 200 ml of lentiviruscontaining medium per well. After 48 hours, stable cells were selected using 2 mg/ml puromycin.
Sections of trachea and large airway were obtained from unused segments of human donor lungs that were acquired for transplant using a study protocol approved by the institutional review board of Duke University Medical Center (protocol Pro00006669). Primary AECs were obtained using protease digestion as previously described (15) . Unless noted, passage 1 AECs were plated on Transwell membranes and, at confluency, were differentiated at an air-liquid interface in a synthetic medium as described previously (16, 17) . Before infection with RV-A16, cells were washed with PBS and cultured overnight in serumfree bronchial epithelial growth medium. Hydrocortisone-free medium was used for all mRNA and protein experiments (18) .
Primary AECs were infected with RV-A16 (multiplicity of infection [MOI], 2) or stimulated with 100 mg/ml polyinosinicpolycytidylic acid [poly(I:C)] or vehicle (0.1% DMSO) (19, 20) . GSNOR inhibitors were administered 1 hour before challenge as a pretreatment or 4 hours post-challenge as a therapeutic treatment. To test the effect of C3m on RV-A16 binding and replication, near-confluent BEAB-2B cells were pretreated in HEPES-buffered serumfree medium containing 50 mM C3m or 0.1% DMSO for 1 hour followed by RV-A16 (MOI, 3) infection for 1 hour and 4 hours or overnight, respectively. Cells were washed three times with PBS before RNA extraction. Infection with mNeonGreen-H1N1 pr8 (21) GSNOR Activity Assay BEAS-2B cells expressing either random shRNA or GSNOR-knockdown ADH5 shRNA were lysed in PBS 1 0.1% Nonidet P-40. After centrifugation, supernatants were adjusted to a protein concentration of 0.5 mg/ml. As a control, GSNOR was overexpressed in A549 cells using an adenovirus. These cells were lysed in the same buffer but adjusted to protein concentration at 0.1 mg/ml. GSNOR activity was measured with 200 ml of buffer alone or cell lysate in the presence of GSNO and nicotinamide adenine dinucleotide reduced, as described previously (22) .
Quantitative Proteomics
Global changes in protein expression in AECs were quantified by gel-free, label-free, liquid chromatography-tandem mass spectrometry analysis of tryptic digests (see SUPPLEMENTAL METHODS in the data supplement). A total of 18,728 peptides belonging to 3,133 proteins were quantified across all samples (see Tables E3 and E4 in the data supplement). The mass spectrometry data have been deposited in the Chorus database (https://chorusproject.org) under the project RV16/GSNORi.
Statistics
Data was expressed as mean 6 SEM. Experiments were performed in triplicate. Comparisons between groups were tested with Student's t test or one-way ANOVA using Prism version 5.1 software (GraphPad Software). P , 0.05 was considered statistically significant.
Results
C3m Inhibits Replication of RV in Primary AECs
To investigate whether GSNOR activity alters RV infection, we tested the effects of two structurally distinct GSNOR inhibitors, C3m and N6022, on RV-A16 replication in infected BEAS-2B cells, an immortalized respiratory epithelial cell line. Submerged BEAS-2B cells were pretreated with increasing concentrations of C3m and N6022 (vs. vehicle control) for 1 hour, followed by 20-hour infection with RV-A16 (MOI, 3). RT-PCR analysis of total RNA 20 hours after infection demonstrated a marked decrease in RV RNA copy number in C3m-treated cells at 10 mM and 50 mM concentrations that was dose dependent, whereas N6022 treatment had no effect ( Figure 1A) .
To better recapitulate the pseudostratified mucociliary phenotype of the in vivo respiratory epithelium, we infected ORIGINAL RESEARCH well-differentiated primary AECs grown at an air-liquid interface with RV-A16 (MOI, 2) for 1, 6, 20, or 48 hours in the presence of either DMSO (control) or C3m (50 mM).
RT-PCR analysis of infected AECs showed a time-dependent decrease in RV-A16 RNA expression in the presence of C3m ( Figure 1B ). These data demonstrate inhibition of RV-A16 replication by C3m in AECs in a dose-and time-dependent manner.
We then sought to determine if the effects of C3m on rhinoviral replication are specific to RV or have a global effect on viral replication. BEAS-2B cells were infected with mNeonGreen-H1N1 pr8 strain of influenza A virus (MOI, 2). In contrast to RV, cellular tropism of influenza virus occurs through its preference for different conformers of sialic acid on host cell glycans, which mediates virus attachment and facilitates infection (23) . As in the RV model, the cells underwent pretreatment with C3m for 1 hour or were treated at 1 hour postinfection. No inhibitory effect of C3m on mNeonGreen-H1N1 pr8 viral RNA expression was seen when administered preor postinfection, supporting an RV-specific effect ( Figure 1C ).
C3m Inhibits Downstream RVinduced Chemokine Production in AECs
Chemokines CXCL10 and CCL5 (RANTES) are among the most highly induced cytokines upregulated after RV infection of AECs, where they function to recruit activated T lymphocytes, natural killer T cells, and macrophages to the sites of infection (18, (24) (25) (26) . These chemokines are produced by virus-infected epithelial cells and are found in the respiratory secretions of patients with asthma (27) (28) (29) . To determine the downstream effects of reduced RV-A16 replication on cellular antiviral and inflammatory responses, we measured CXCL10 and CCL5/RANTES protein and mRNA expression in RV-A16-infected AECs treated with increasing concentrations of C3m (0, 1, 10, and 50 mM). C3m administered either before or after infection significantly reduced protein (and mRNA; data not shown) expression of RANTES and CXCL10 in a dose-dependent manner (Figures 2A and 2B ).
To mimic intracellular double-stranded RNA (dsRNA) generated normally during viral replication and to independently assess whether C3m might act directly on Toll-like receptor 3 (TLR3)-dependent signaling, a similar comparison was made using the TLR3 agonist poly(I:C). We found a dose-response effect of CXCL10 and RANTES to C3m only in RV-A16-infected AECs and not in poly(I:C)-infected AECs (Figures 2A and 2B ), suggesting that C3m directly affects viral replication. Finally, we found that the inhibition of RANTES and CXCL10 expression was specific to C3m and not to N6022 ( Figures 2C and 2D ).
Collectively, these results suggest that C3m has a modest effect on TLR3-dependent signaling and that the changes in antiviral proteins and related cytokines mostly reflect the inhibition of viral replication by C3m.
C3m Alters Global and RV-A16-inducible Protein Expression in AECs
To confirm translation of this observation to human cells, we used a proteomic approach to examine the potential mechanisms, and downstream consequences, of C3m on RV-infected human AECs. Cell lysates were isolated from AECs obtained from three individual human donors after treatment with and without RV-A16 and with and without C3m (4 h postinfection; four conditions per donor); proteins were digested with trypsin; and more than 18,000 peptides, belonging to more than 3,000 proteins, were identified and quantified by liquid chromatography-tandem mass spectrometry (see METHODS). We analyzed the data to identify proteins that were increased or decreased in expression by C3m treatment (independent of RV-A16 infection) and proteins that had RV-A16-inducible expression blocked by C3m treatment. The AEC proteins that were significantly upregulated by C3m treatment included numerous putative targets of the transcription factor Nrf2 (nuclear factor erythroid 2-related factor 2), including sequestosome 1 (SQSTM1), aldo-keto reductases, glutamate cysteine . n = 4-6/group. Experiments were performed in duplicate. Results were analyzed using Student's t test.
ligase subunits, and thioredoxin reductase 1 ( Table 1) . Quantification of SQSTM1 mRNA expression after treatment with C3m alone by RT-qPCR confirmed the increase in SQSTM1 protein expression, as shown in Table 1 (see also Figure 3A ). IFN-inducible proteins, including the ubiquitin-like protein ISG15, uteroglobin (club cell secretory protein), and the IFNinduced GTP-binding protein Mx1, were among the proteins that were increased by RV-A16 infection but downregulated after C3m treatment (Table E5 ). These IFNinducible genes are part of a signaling cascade that involves engagement of the pattern recognition receptor TLR3 and upregulation of IFN-inducible transcription factors, including IFN regulatory factor 1 (30, 31) . We used RT-qPCR and Western blotting (data not shown) to determine the effect of C3m on TLR3 signaling in AECs. TLR3 and MX1 mRNA was significantly reduced in RV-A16-infected cells after C3m treatment (Figures 3B and 3C ). These effects are consistent with a decrease in antiviral signaling and may be a consequence of reduced viral replication.
C3m Does Not Increase Cell Death of RV-infected Cells
The potent inhibition of RV-A16 replication and downstream signaling in BEAS-2B cells and primary AECs, as well as the differential activity of two well-characterized in vitro inhibitors of GSNOR, led us to examine potential mechanisms. We first tested whether inhibition of RV-A16 replication might be explained by C3m-induced cytotoxicity. Compromise of cell integrity was monitored by measuring lactate dehydrogenase (LDH) activity in the apical supernatants of AECs treated with increasing concentrations of C3m (or N6022) for 1 hour followed by infection with RV-A16 (as described above). LDH activity, assessed at 48 hours postinfection, was modestly increased in RV-A16-infected cells, consistent with virusinduced cytotoxicity (Figure 4 ). Low doses of C3m (0, 1, and 10 mM) had no effect on LDH, with the exception of the highest C3m dose (50 mM), which parallels the decrease in viral replication observed in Figure 1 . In contrast, addition of equivalent doses of N6022 had no effect on RV-induced LDH activity. Collectively, these data suggest that the inhibition of viral replication by C3m is associated with a modest reduction in RV-induced toxicity.
Inhibitory Effect of C3m on Viral Replication Is Independent of NOS or GSNOR Activity
Despite being potent in vitro inhibitors of GSNOR, the cellular effects of C3m and N6022 are not well defined. We have previously shown, in mouse macrophages, a dependence of NOS activity for the biological effects of C3m, which is consistent with the production of GSNO via NOS activity (13) . We wanted to determine if the inhibitory effect of C3m on viral replication in AECs also required NOS2. Because we had disparate results with the two different GSNOR inhibitors, we used both GSNOR inhibitors to test if NOS2 activity is required for C3m inhibition of viral replication.
Although respiratory epithelial cells express multiple NOS isoforms, the inducible isoform (NOS2) is the major source of airway-derived NO and related metabolites in vivo. To determine whether NOS activity was required for the antiviral effects of C3m, BEAS-2B cells were exposed to the nonspecific NOS inhibitor L-nitroarginine methyl ester (L-NAME) or to the specific NOS2 inhibitor 1400W with or without C3m before addition of RV-A16. Neither L-NAME nor 1400W alone significantly altered RV-A16 RNA replication ( Figure 5A) .
Finally, to determine whether the reduction of viral replication with administration of C3m is dependent on GSNOR activity, we used lentiviral transduction to generate BEAS-2B cells stably expressing either scrambled shRNA or GSNOR shRNA. GSNOR knockdown (KD) significantly decreased GSNOR protein expression and activity ( Figure 5B 
ORIGINAL RESEARCH
as well as mRNA level ( Figure 5C ). However, we observed no differences in RV-A16 replication in control (Scr 1 DMSO) versus KD cells (GSNOR KD 1 DMSO) ( Figure 5C) ; moreover, the KD cells (Scr 1 C3m vs. GSNOR KD 1 C3m) had no effect on the antiviral properties of C3m. Collectively, these data show that the inhibition of viral replication by C3m does not require NOS activity and is insensitive to concentrations of GSNOR. Initiation of viral replication is a complex process that involves multiple steps, including attachment, penetration, uncoating, replication, assembly, and release. To begin investigating a molecular basis for the inhibitory effects of C3m on viral replication, we first focused on two key steps of this process: rhinoviral attachment and replication. The initial interaction of the virus with the host AECs involves receptor binding and entry. Although we did not measure binding directly, RT-PCR has previously been used to assess viral attachment to host cells with high accuracy and reproducibility (32) . Therefore, to determine the effect of C3m on RV-A16 binding, we measured RV-A16 RNA expression in BEAS-2B cells pretreated with 50 mM C3m for 1 hour before infection with RV-A16 for either 1 hour or 4 hours to capture the time by which peak binding has been shown to occur (33) . No change in cell-associated RV-A16 RNA copy number was detected at 1 hour or 4 hours. On this basis, we concluded that 1-hour pretreatment with C3m does not affect initial viral binding to cells ( Figure 6A) . To determine the effect of prolonged treatment with C3m on viral attachment, we pretreated cells with either C3m (50 mM) or DMSO for 20 hours before infection with RV-A16 (MOI, 0.5) for either 1 hour or 4 hours. Viral RNA copy number significantly decreased at 4 hours postinfection (i.e., when full viral binding and entry have occurred and before efficient viral RNA replication starts) in BEAS-2B cells pretreated with C3m, suggesting that C3m inhibits viral binding and/or entry ( Figure 6B ).
We next sought to determine if the effect on viral replication is due to altered intercellular adhesion molecule (ICAM)-1 expression. ICAM-1 is a member of the immunoglobulin superfamily and is an adhesion protein that serves as the receptor for 90% of rhinoviruses A and B, including RV-A16 (33, 34) . We measured ICAM-1 In addition to membranous ICAM-1, a soluble form of ICAM-1 (sICAM-1) has been described (35) , which is believed to result from shedding of the extracellular domain of ICAM-1 (36, 37) . We measured expression of sICAM-1 protein in cell supernatants at 1 hour and 4 hours after RV-A16 infection of BEAS-2B cells pretreated with 50 mM C3m for 1 hour. At 1 hour, sICAM-1 was below the detection limit of the assay, but it increased at 4 hours postinfection in the supernatant of both C3m alone and C3m-treated RV-A16-infected cells ( Figure 6F ), suggesting that the effects of C3m on shedding of sICAM-1 are independent of RV. The increase in sICAM-1 is consistent with decreased membranous ICAM-1 concentrations ( Figure 6D ). These findings are relevant because sICAM-1 has been demonstrated previously to inhibit RV replication in cell culture and exert an antiviral effect (38, 39) .
Last, we investigated whether C3m alters RV replication via inhibition of RV 3C protease (3C pro ), a nonstructural protein that is essential for cleavage of viral polyprotein during viral replication (40) . Because RV 3C pro has a catalytic Cys residue, it (and related family members) can be sensitive to thiol-reactive compounds (41) . Thus, we sought to address whether C3m might inhibit the protease via a similar mechanism. In an in vitro model of RV-A16 infection, incubation of RV 3C
pro with increasing doses of C3m did not affect protease activity even at the highest C3m concentration ( Figure 6G) .
Collectively, these data suggest that C3m does not directly affect viral replication but that it appears to inhibit initiation of the second RV-A16 replication cycle (short pretreatment) or initial virus binding (long pretreatment) by decreasing ICAM-1 expression at the level of gene transcription and by increasing sICAM-1 concentrations. Furthermore, RV 3C pro protease does not appear to be a target.
Discussion
The "off-target" effects of drugs can often lead to unintended side effects and unwanted toxicity that may halt late-stage drug development. In contrast, drug repurposing or repositioning, based on the discovery of novel activities, has become an important tool in pharmacological discovery. Drugs are frequently found to have unexpected activities. These activities can be beneficial or injurious, resulting from the drug binding to an unknown target or by the drug altering a biochemical pathway. Such findings are often serendipitous, and the 
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underlying mechanisms by which the effect is produced are often not identified. Inhibition of GSNOR has emerged as a novel mechanism to regulate NO bioactivity. The GSNOR inhibitor, C3, an isomer of C3m, excludes GSNO from the binding site of GSNOR, which results in intracellular accumulation of S-nitrosothiols (11). Inhibition of GSNOR protects mice from the development of experimental allergic asthma (42) and induces vasorelaxation of preconstricted murine aorta (11) . In this study, we identified a novel off-target effect of C3m (11) We were interested in studying the potential therapeutic use of GSNOR inhibitors in the treatment of rhinoviral infection, because NO has several reported antiviral effects on a variety of DNA and RNA viruses (43) (44) (45) (46) (47) . Work by Sanders and colleagues (48) and Koetzler and collaborators (49) supports a role for NO in decreasing RV-and dsRNA-induced epithelial cell production of CXCL10 by NO donor, PAPA NONOate (3-[2-hydroxy-2-nitroso-1-propylhydrazino]-1-propanamine). S-nitrosothiols also have antiviral effects (43) . The protective effects of S-nitrosothiols have been attributed to S-nitrosylation of cysteine residues of viral proteins needed for replication (41) .
In the present study, we show that the GSNOR inhibitor, C3m, independent of NOS and GSNOR, inhibits RV replication and RV-induced epithelial cell production of CXCL10 and RANTES. C3m also decreased dsRNA-induced production of epithelial cell chemokines if administered before challenge with poly(I:C). These findings were unexpected because previously we had shown that inhibition of cytokine-stimulated inflammation in RAW264.7 cells by C3m was dependent on NOS2 (13) , and Koetzler and colleagues Neither L-nitroarginine methyl ester (L-NAME) (1 mM), a nonspecific NOS inhibitor, nor 1400W (100 mM), a specific NOS2 inhibitor, has a significant effect on RV-A16 RNA expression. n = 8/group; n = 3 replicates. **P , 0.001 by one-way ANOVA. (B) GSNOR protein expression (Western blot, upper panel) and activity (table, lower panel) in two different BEAS-2B clones (22 and 76) after GSNOR knockdown (GSNOR KD) or lentiviral transduction with scrambled RNA control (Scr). RT-qPCR quantification of (C) GSNOR and (D) RV-A16 RNA in BEAS-2B cells transduced with scrambled (Scr) or GSNORspecific shRNA (KD) normalized to DMSO control (D) and scrambled (Scr) DMSO control (E). n = 6/group; n = 2 replicates. *P , 0.0001 by paired Student's t test.
found that the NO donor, PAPA NONOate, inhibited RV-induced transcriptional activation of CXCL10 in AECs through a cyclic guanosine monophosphate-independent pathway (48) . In the present study, NOS inhibitors L-NAME and 1400W did not reverse RV-;and dsRNA-induced epithelial cell production of CXCL10. The inhibition of rhinoviral replication by C3m in epithelial cells occurs early in the infectious cycle and coincides with a decrease of ICAM-1 mRNA transcription and an increase in shedding of sICAM-1 protein (38) . An increase in sICAM-1 shedding is seen ORIGINAL RESEARCH 4 hours after incubation with C3m, whereas a decrease in mRNA and protein expression of ICAM-1 is seen 20 hours after C3m and RV-A16 infection. It is well known that sICAM-1 tested in human embryonic lung fibroblasts has antirhinoviral activity against 88 of 90 human RVs belonging to the major receptor group, including RV-A16. sICAM-1 has also been found to be effective in inhibiting replication of at least five human RV serotypes in explants of human respiratory epithelial cells (39) and may be conferring protection against RV-A16 infection in bronchial epithelial cells.
An isomer of C3m, C3o, also appears to decrease viral inflammation by decreasing ICAM-1 expression and NF-kB activation (11) . Work by Sanghani and colleagues showed that C3o decreases TNF-a (11) in RAW 264.9 cells and A549 cells. Similarly, we showed that C3m decreased RV-A16 induced NF-kB activity in primary AECs grown at an air-liquid interface. Taken together, our data suggest that C3m protects against RV-induced inflammation during the early steps of the RV replication cycle.
In addition to serving as the host cells for RV infection, AECs also initiate the local antiviral response to RV in part through production of chemokines, CXCL10, and RANTES, which are synthesized shortly after viral infection. Secretion of these chemokines by AECs is a key step in the host innate and acquired immune response to viral infection. We show that C3m blocks RV-A16-induced production of CXCL10 and RANTES by epithelial cells. On one hand, these findings are not surprising for CXCL10, because generation of CXCL10 has been shown to be dependent on viral replication (26) . On the other hand, IFN-g can enhance RV-A16-induced RANTES secretion by increasing viral binding and through a second receptor-independent pathway (50) , and this mechanism may have been regulating RANTES in our study because our proteomic data show that C3m reduces IFN-inducible proteins and suggests that by blocking IFN signaling, C3m inhibits RANTES secretions and can function as an important regulator of the early immune response to RV infection (50) .
This study has limitations. First, studies were restricted to in vitro cell culture and not in vivo animal exposures, owing to difficulty in infecting rodents with the major group RV serotype (51) . Second, studies were performed in primary cells obtained from healthy lung transplant donors and not from subjects with asthma. Nonetheless, our findings are significant because they demonstrate protection against rhinoviral infection in human AECs by an unexpected activity of C3m. These improvements appear to be mediated by C3m inhibition of ICAM-1 mRNA transcription and increased shedding of sICAM-1, resulting in reduced viral binding and progeny spread and decreased rhinoviral replication and RVassociated inflammation. C3m was not effective against H1N1 pr8 influenza A virus, which binds to glycosylated oligosaccharides that terminate in a sialic acid (52) , suggesting that the C3m effect is specific to ICAM-1-mediated effects on viral replication. Whether C3m will be effective in whole animals or human trials is unknown and will be the focus of future work. Because intransally delivered C3 has been shown to markedly reduce methacholine-induced airway hyperresponsiveness and airway inflammation in a murine model of experimental allergic asthma (53) , it is plausible that C3m will play a future role in the treatment and prevention of airway inflammation and subsequent exacerbations by rhinoviral infection. n
